In order to study the effects of biological and chemical fertilizers on quantitative and qualitative yields of purple coneflower, an experiment was carried out during 2010-2012. The morphological traits such as plant height, number of lateral shoots, shoot fresh and dry weight, root fresh and dry weight, number of inflorescences per plant, number of flower buds per plant, and essential oil content and yield were measured. The results showed significant effects of the treatments on the growth parameters. In the second year, the mixture of the three bacteria plus mycorrhizal inoculum improved important parameters such as shoot dry weight (40.42%), root dry weight (60.02%), and number of inflorescences per plant (65.68%). Interestingly, these values were not significantly different from obtained results by the chemical fertilizers. Additionally, the essential oil content in plants treated with the mixture of the three bacteria were 152.14% and 25.11% higher than the control plants in the first and the second year, respectively. The essential oil yield in plants treated with the mixture of the three bacteria was higher than those treated with the chemical fertilizers in two years. The results indicate that using biological fertilizers is a good choice to reduce the use of chemical fertilizers as an important tool to contribute to a sustainable agriculture.
Introduction
Purple coneflower (Echinacea purpurea L.) is an herbaceous, perennial and medicinal plant belonging to the family Asteraceae, originated in North America. Active components present in both roots and shoots of various Echinacea species exhibit antifungal, antibacterial and antiviral activity. The active components are used to make useful medicines for preventing and curing colds and respiratory diseases (Bodinet, Lindequist, Teuscher, & Freudenstein, 2002) .
Most of the active components in purple coneflower are alkamides, polysaccharides, and phenolic compounds (for example, caffeic acid and its derivatives such as cichoric acid) (Nasir, 2008) . Regarding the importance and role of medicinal herbs in various industries, an important consideration in cultivation of these valuable species is increasing the biomass production without using chemicals either fertilizer or pesticide (Sharma, 2002) . application of biological fertilizers led to the improvement of Trigonella foenum-graecum seed germination and plant growth. The results obtained by Abdul-Jaleel et al. (2007) indicated that treating Catharanthus roseus seedlings with Pseudomonas fluorescens (a PGPR) increased biomass production as well as alkaloid content under water stress. Shaalan (2005) showed that adding biological fertilizers such as Azotobacter sp., Azospirillum sp., and Pseudomonas sp. increased Nigella sativa growth and yield parameters. Vinutha (2005) reported that inoculation of Ocimum basilicum with various Azotobacter and Glomus species led to higher biomass production, more growth rate, and higher essential oil content. Moreover, Glomus mossea increased essential oil content in Origanum vulgare (Khaosaad, Vierheilig, Nell, Zitterl-Eglseer, & Novak, 2006) , Mentha arvensis (Gupta, Prasad, Ram, & Kumal, 2002) , Coriandrum sativum, and Anethum graveolens (Kapoor, Giri, & Mukerji, 2002a , 2002b .
There are more reports that indicate mycorrhization may change the plant growth and active ingredients (Whitefield, Richards, & Rimmer, 2004; Freitas, Martins, & Vieria, 2004) . Shalaby, El-Gengaihi, Agina, El-Khayat, and Hendawy (1997) by studying the effects of various levels of N, P, and K fertilizers indicated that as N increases, coneflower growth and yields improve. Kizil and Toncer (2013) studied the effects of various forms of nitrogen on some agronomic traits of coneflower. Their results showed that various forms of N improved agronomic traits such as fresh and dry weights.
El -Sayed, Shalaby, El-Hanafy, and El-Razik (2012) studied the effects of N and K on coneflower (Echinacea paradoxa) growth and phytochemical content and found that the highest level of N (300 kg/ha as ammonium sulphate) and K (100 kg/ha as potassium sulphate) led to the highest plant height, flower fresh and dry weights. Moreover, the highest polysaccharide, cafeic acid, and alkamide contents were recorded in these plants. Chen, Nian, and Wu (2007) found that N increased coneflower growth and yields. Berti, Wilckens, Fischer, and Hevia (2001) concluded that as K increased, echinacoside content increased in E. angustifolia. Sayed (2011) studied the effects of biological fertilizers including Azospirillum lipoferum and Bacillus megatherium on growth and phytochemicals of coneflower and indicated that they improved the plant vegetative growth and carbohydrates and alkamides contents.
In an investigation, Yousef, Khalil, and El-Said (2013) concluded that the application of biological fertilizers such as nitrobein and phosphorein increased growth, yield, and carbohydrate content of coneflower. Aghaalikhani, Iranpour, and Naghdabadi (2013) showed that the application of biological fertilizers increased the biomass production of coneflower. The biological fertilizers including nitroxin and biophosphere led to the production of the highest leaf dry matter, biological yields, root length and diameter, stem diameter, and number of lateral stems. Ashnavar, Mohammad Ali, and Akbarpour (2014) by studying the various fertilizer sources, found that yield and growth indices of coneflower were influenced. Razavinia, Aghaalikhani, and Naghdabadi (2015) studied the effects of vermicompost and urea fertilizer on quantitative and qualitative traits of coneflower. Their results showed that vermicompost have a positive effect on the production of dry matter in the stem, flower, and root. It was also effective on the number of flowers per plant and chlorophyll content. The highest root dry weight and biological yield were recorded in the plants treated with 2.9 and 3.59 tonnes of vermicompost per hectare, respectively.
Hence, this study was done to investigate the effects of chemical and biological fertilizers on quantitative and qualitative yields of purple coneflower.
Materials and Methods

Description of the Study Area
The experiment was conducted at Horticultural Research Station, University of Tehran, Karaj, Iran. The average annual maximum temperature of the region is 13.7 °C with an annual rainfall of 254 mm. Soil at the station is classified as clay-loam but in order to determine physical and chemical properties of the soil, samples were taken from the experimental land. The results are shown in Table 1 . 
Seed Preparation and Inoculation
Purple coneflower seeds were obtained from Medicinal Plants Section of Department of Agronomy, University of Çukurova, Adana, Turkey. Seeds were disinfected, treated with the biological fertilizers, and then sown in 5 × 5 × 5 seed trays, which were kept in a greenhouse. To apply the biological fertilizers treatments, seeds were sterilized in sodium hypochlorite 1.5%, rinsed with distilled water, and then dried at room temperature. After that, the seeds were inoculated with the inoculum of each bacterium, which had been prepared in solution. To make easier the inoculation of the mycorrhizal fungus, this was in a powder form. Arabic gum (20 g in one liter of water) was used. The inoculated seeds were surface-dried in shade. They were then sown in seed trays at May 4 th , 2011. Additionally, the seedlings roots received the solution of the biological fertilizers right before transplanting. The trays were irrigated just after sowing. The first germinated seed was observed 7 days after sowing. The seedlings were kept in the greenhouse until producing 4-6 leaves. During this period, the land was prepared. Each plot had 6 rows, which were 50 cm apart. The seedlings were transplanted at July 23 th , 2011 and 30 cm apart within each row. All of the P (60 kg/ha) and K (60 kg/ha) and half of the N (60 kg/ha) was applied in the plots in the 0-30 cm soil depth, which were then mixed thoroughly. The other half of the N (60 kg/ha) was applied at stemming stage. In the second year, the application of the chemical fertilizers was done according to the first year. The land was drip-irrigated during cultivation.
Treatments and the Experimental Design
The treatments included control (no fertilizer), chemical fertilizers (NPK), inocula of nitrogen-fixing bacteria (Azospirillum lipoferum (A.L.) and Azotobacter chrococum (A.C.)), inoculum of phosphate solubilising bacteria (Pseudomonas fluorescens (P.F.)), inoculum of mycorrhizal fungus (Glomus intraradices (G.I.)), the mixture of the three bacteria (A.L.+A.C.+P.F.), and the mixture of the three bacteria plus the mycorrhizal fungi (A.L.+A.C.+P.F.+G.I.). The chemical fertilizers were urea 46% (as source of N), triple superphosphate (as source of P) and potassium sulphate (as source of K). The pots with different treatments were arranged in a randomized complete block design (RCBD) with three replications of each treatment during 2010-2012.
Harvest and Measurement of Growth and Yield Parameters
To study the growth and phytochemical properties, samples were taken from the plants at 50% flowering (October 8, 2011 and May 4, 2012, first and second year, respectively); the border plants were not considered. Experiment was ended at October 25, 2011 in the first year and August 5, 2012 in the second year. Measured growth parameters were plant height, number of lateral shoots per plant, number of flower buds per plant, number of inflorescences per plant, and fresh and dry yields of aerial parts and roots. After weighing fresh shoots and roots, the samples were dried in shade. The purple coneflower's essential oil of dry root was extracted using a Clevenger for 4 hours according to the British Pharmacopoeia.
Data Analysis
SAS software was used to analyse the data, and Duncan's multiple range test (P < 0.05) to compare the means. Furthermore, using excel, we did some calculations and drew the charts and graphs.
Results
Results of variance analysis for growth and yield parameters and essential oil content and yield are shown in Tables 2 and 3 , respectively. The influence of all the treatments was significant on every growth parameter and phytochemical composition (Tables 2 and 3) . Note. SH = shoot height, NLSP = number of lateral shoots per plant, NIP = number of inflorescences per plant, NFBP = Number of flower buds per plant, APFY = aerial parts fresh yield, APDY = aerial parts dry yield, RFY = root fresh yield, RDY = root dry yield, EOCDR = essential oil content of dry root, EOY= essential oil yield, SOV = source of variation, DF = degree of freedom, R = replication, T = treatment, E = error, CV = coefficient of variation and ** = statistical significance at 99% confidence interval.
Plant Height and Number of Lateral Shoots per Plant
Results of mean comparisons of coneflower's growth parameters are shown in Tables 4 and 5 . The plant height changed according to years. The highest plant height in the first year was observed in G. intraradices treatment, which was, however, not significantly higher than those of chemical fertilizer-treated plants and plants treated with the mixture of the biological fertilizers (A.L. + A.C. + P.F. + G.I.). The lowest plant height in the first year, which was 9.52% lower than that of G. intraradices treatment, was recorded in the control plants (Table 4 ). The highest plant height in the second year was observed in chemical fertilizer-treated plants. This was, however, not statistically different from those of G. intraradices and the mixture of the biological fertilizers. The lowest plant height in the second year, being 10.9% lower than that of the highest plant height, was similarly observed in the control plants. Moreover, plant height in the second year was higher than in the first year regardless of treatment (Table 4 ). As shown in Table 4 , the highest number of lateral shoots in the first year was observed in plants treated with chemical fertilizers, however with no significant difference from those of plants treated with the mixture of the three bacteria + mycorrhiza and P. fluorescens. The lowest number of lateral shoots per plant in the first year, being 27.80% lower than that of chemical fertilizers, was recorded for the A. chrococum, which had no significant difference from that of the control plants. The highest number of lateral shoots per plant in the second year was equally recorded for the mixture of the three bacteria + mycorrhiza and chemical fertilizers which was 16.72% lower than that of the control plants. The lowest number of lateral shoots per plant in the second year was observed in the control plants, which had no significant difference from that recorded for the treatment A.chrococum. This value was 14.33% lower than those recorded for the mixture of the three bacteria + mycorrhiza and chemical fertilizers (Table 4) . Note. SH = shoot height, NLSP = number of lateral shoots per plant, NIP = number of inflorescences per plant, NFBP = Number of flower buds per plant, FY = first year, SY = second year, and NPK = nitrogen potassium phosphorus; Mean values followed by the same superscripts within a column are not significantly different at p < 0.01.
Fresh and Dry Yield of Aerial Part
The highest fresh yield of aerial parts in the first year was observed in plants treated with the chemical fertilizers. This value was significantly higher than the other values, e.g. 58.8% higher than that of the control plants. The lowest one in the first year was recorded in the control plants, which had, however, no significant difference from that of A. chrococum treatment (Tables 4 and 5 ). Fresh yield of aerial part in the second year was affected similarly as in the first year: The highest fresh yield of aerial part, being significantly higher than the other respective values, was recorded in chemical fertilizer-treated plants, which was 58.77% higher than the value recorded for the control plants. The lowest fresh yield of aerial part in the second year observed in the control plants, which was not significantly different from that belonging to A. chrococum treatment (Tables 4 and 5 ). The highest dry yield of aerial part in the first year was observed in the chemical fertilizer treated plants, which were significantly higher than the other respective values, e.g. 58.35% higher than that of the control plants. The lowest dry yield of aerial part in the first year was recorded in the control plants (Table 4 ). In the second year, the highest dry yield of aerial part was also observed in the chemical fertilizer treated plants, which was significantly higher than the other respective values, e.g. 56.77% higher than that of the control plants. The lowest one in the second year, being significantly lower than the other respective values, was recorded in the control plants (Table 4 ). The highest fresh yield of aerial parts in the first year was observed in plants treated with the chemical fertilizers. This value was significantly higher than the other values, e.g. 58.8% higher than that of the control plants. The lowest one in the first year was recorded in the control plants, which had, however, no significant difference from that of A. chrococum treatment (Tables 4 and 5 ). Fresh yield of aerial part in the second year was affected similarly as in the first year: The highest fresh yield of aerial part, being significantly higher than the other respective values, was recorded in chemical fertilizer-treated plants, which was 58.77% higher than the value recorded for the control plants. The lowest fresh yield of aerial part in the second year observed in the control plants, which was not significantly different from that belonging to A. chrococum treatment (Tables 4 and 5 ). The highest dry yield of aerial part in the first year was observed in the chemical fertilizer treated plants, which were significantly higher than the other respective values, e.g. 58.35% higher than that of the control plants. The lowest dry yield of aerial part in the first year was recorded in the control plants (Table 4 ). In the second year, the highest dry yield of aerial part was also observed in the chemical fertilizertreated plants, which was significantly higher than the other respective values, e.g. 56.77% higher than that of the control plants. The lowest one in the second year, being significantly lower than the other respective values, was recorded in the control plants (Table 4) .
Number of Inflorescences and Flower Buds per Plant
The highest number of inflorescences per plant in the first year, 40.78% higher than that of the control plants, was observed in plants treated with NPK, the mixture of the three bacteria plus mycorrhizal inoculum, albeit with no significant difference from those of the chemical fertilizers, the mixture of the three bacteria, and P. fluorescens. The lowest number of inflorescences per plant in the first year was observed in the control plants, however with no significant difference from those of A. chrococum and G. intraradices (Table 5 ). Regarding to Table 5 , the highest number of inflorescences per plant in the second year was recorded in the chemical fertilizertreated plant, which was significantly higher than those of the other treatments, e.g. 81.84% higher than that of the control plants.
Number of inflorescences per plant in the second year was not different in plants treated with the mixture of the three bacteria plus mycorrhizal inoculum and in plants treated with the mixture of the three bacteria, but they had a better effect than the sole application of either species. Moreover, the lowest number of inflorescences per plant in the second year was observed in the control plants, which was significantly lower than those of the other treatments. The highest number of flower buds in the first year was observed in G. intraradices, albeit with no significant difference from those of the chemical fertilizers, A. chrococum, P. fluorescens and the three bacteria+ mycorrhizal inoculum. The lowest number of flower buds in the first year, being 36.67% lower than that of G. intraradices, was observed in the control plants, which had no significant difference from those of A. lipoferum and the mixture of the three bacteria, nevertheless (Table 5) , as shown in Table 5 , the highest number of flower buds per plant in the second year, being 51.49% higher than that of the control plants, was observed in the chemical fertilizer treated plants, which was significantly higher than those of the other treatments. The lowest number of flower buds in the second year was recorded in A. lipoferum treated plants which, however had no significant difference from those of the control plants, or A. chrococum, P. fluorescens, or G. intraradices treated plants. Note. APFY = aerial parts fresh yield, APDY = aerial parts dry yield, RFY = root fresh yield, RDY = root dry yield, EOCDR = essential oil content of dry root, EOY = essential oil yield, FY = first year, SY = second year, and NPK = nitrogen potassium phosphorus; Mean values followed by the same superscripts within a column are not significantly different at p < 0.01.
Root Essential Oil Content and Yield
The highest essential oil content of dry root in the second year, 0.543%, was recorded in plants treated with the mixture of the three bacteria, albeit with no significant difference from that of G. intraradices and chemical fertizers treated plants (0.515%). The lowest essential oil content in the first year, 0.0204%, was observed in A. lipoferum treated plants, which did not significantly differ from those of plants treated with the mixture of the three bacteria plus mycorrhizal inoculum and P. fluorescens treated plants and control plant (Figure 1 ). The highest essential oil content of dry root in the second year was observed in the control plants, albeit with no significant difference from those of plants treated with A. chrococum or G. intraradices or plants treated with the mixture of the three bacteria. Essential oil content in the chemical fertilizer-treated plants in the second year was significantly lower (41.01% lower) than that of the control plants. Furthermore, the lowest essential oil content in the second year was observed in and P. fluorescens-treated plants, being 75.40% lower than that of the control plants (Figure 2 ). The highest essential oil yield (1.429 kg/ha) in the first year was observed in plants treated with the mixture of the three bacteria, which was 151.14 kg/ha higher than that of the control plants in the first year (Figure 3 ). The highest essential oil yield in the second year (4.182 kg/ha) was recorded for G. intraradices treatment, which had no significant difference from that for the mixture of the three bacteria (3.891 kg/ha). Furthermore, these essential oil yields were significantly (47.77% and 37.49%, respectively) higher than that recorded for the chemical fertilizer treatment (Figure 4) . 
Discussion
According to the results, applying plant growth promoting rhizobacteria (PGPR) and mycorrhizal fungi enhanced growth traits and yield components in purple coneflower. The increased yield by biological fertilizers could be due to the fact that they improve activity of beneficial soil microorganisms as well as soil structure, thereby providing water and micro/macronutrients for the plant (Darzi, 2006) . Although the highest root and shoot fresh and dry weights were obtained by applying chemical fertilizers, these values did not have any significant difference from the values obtained by treating plants with the mixture of the three bacteria plus mycorrhizal inoculum. Shoot and root biomass of purple coneflowers treated with the biological fertilizers were considerably higher than those of the control plants, and in this case, the biological fertilizers were able to compete with the chemical fertilizers. In the first and second year, shoot dry yield of the plants treated with the mixture of three bacteria plus + mycorrhizal inoculum was 46.04% and 40.42% higher than those of the control plants, respectively. Additionally, root dry weights obtained by this treatment in the first and second year were higher than those of the control plants by 43.87% and 61.02%, respectively. The superiority of the mixture of the three bacteria plus mycorrhizal inoculum in these traits is due to increased soil microbial biomass which enhanced production of plant growth regulators, and also improved availability of nutrients especially N and P. Indeed, the photosynthesis rate, growth, number of shoots, and, in turn, number of flowers were increased. Shaalan (2005) concluded that soil fertilization by biological fertilizers such as Azotobacter, Azospirillum, and Pseudomonas species has led to the improvement of growth and yield components of Nigella sativa. In a study on Withania somnifera, Kumar, Singh, and Sharma (2009) reported that applying Azotobacter and Pseudomonas species together with manure had a positive influence on yield and commercial indices. Kandeel, Menesy, Khalafalla, and Gad (2004) in their study on Foeniculum vulgare demonstrated that using PGPR, resulted an increase in plant height, shoot and root dry and fresh weights.
PGPR fixes nitrogen, balance the uptake of macro/micronutrients and release amino acids, antibiotics, HCN, and siderophore. In fact PGPR improves plant growth and development. Additionally, they enhance plant growth and yield by producing growth promoting hormones, especially auxins, gibberellins and cytokinins through increasing the availability of nutrients and by improving seed germination and root development (Banchio, Bogino, Zygadlo, & Giordano, 2008) . Kizil and Toncer (2013) studied the effects of various forms of nitrogen including ammonium nitrate, ammonium sulphate, and diammonium phosphate on some agronomic traits of coneflower in Turkey and annonced that various forms of N improved agronomic traits such as fresh and dry weights of the root and flowers although ammonium sulphate was relatively better. By Studying on marjoram, Fatma et al. (2006) reported that biological nitrogen fertilizers and phosphate solubilising bacteria could replace chemical types of nitrogen and phosphorus fertilizers for growing this plant. Nagananda et al. (2010) observed that application of biological nitrogen fertilizers improved fenugreek seed germination and its growth. The results of Youssef, Edris, and Gomaa (2004) indicate a better growth and yield in Salvia officinalis by using Azospirillum and Azotobacter species. In the present experiment, the mycorrhizal fungi were able to improve coneflower growth traits and yields compared to the control. The main benefit of mycorrhizal inoculation for the host plant is the extended root zone. The internal Vol. 9, No. 3; network of extraradical hyphae functions as an extra link between soil and the plant root system (Sharma & Adholey, 2004) . The increased capacity of mycorrhizal roots as compared to non-mycorrhizal roots is due to the enhanced absorption of elements, especially immobile ones, which are active (Jamal, Ayub, Usman, & Khan, 2002) .
Increased height, root and shoot fresh and dry yield of purple coneflower may be attributed to improved availability of macroelements by the nitrogen-fixing and phosphate solubilising bacteria and mycorrhizal fungi, which provide better conditions for growth and biomass production. Interaction of mycorrhizae and bacteria in soil is very complex to explain and analyse, but in a simply way, their combined application performed better than their sole application. The highest essential oil yield was recorded in plants inoculated with the mixture of the three bacteria. The essential oil belonging to the chemical group of terpenes, which are synthesised via Isopentenyl pyrophosphate (IPP) and dimethylallyl diphosphate (DMAPP), which requires ATP and NADPH. Photosynthesis and its products are directly linked to the production of essential oils. Biological fertilizers such as PGPB and mycorrhizae promote photosynthesis by improving absorption of nutrients, especially N and Mg, which are crucial in construction and synthesis of chlorophyll. Thus, they improve the production of essential oils (Sangwan, Farooqi, Shabih, & Sangwan, 2001 ). According to Abdelaziz, Pokluda, and Abdelwahab (2007) results on Rosmarinus officinalis, enhanced production of essential oils by biological fertilizers can be due to increased number of secretory glands and enhanced monoterpene biosynthesis. Similar results have already been published on Mentha sp. and marjoram (EL-Ghadban, 2002) . Berti et al. (2001) concluded that as K increases, echinacoside content also increases in E. angustifolia. El-Sayed et al. (2012) studied the effects of N and K on coneflower (Echinacea paradoxa) growth and phytochemical content. They found that the highest level of N (300 kg/ha as ammonium sulphate) and K (100 kg/ha as potassium sulphate) led to the achievement of the highest plant height, flower fresh and dry weights, and total fresh and dry weight. Moreover, the highest polysaccharide, cafeic acid, and alkamide contents were recorded in these plants. Aghaalikhani et al. (2013) in an experiment on the effects of urea fertiliser and biological fertilizers studied yields and phytochemicals of coneflower. Their results showed that the application of biological fertilizers increased the biomass production. The biological fertilizers nitroxin and biophosphere led to the production of the highest leaf dry matter, biological yields, root length, root diameter, stem diameter, and number of lateral stems. Additionally, the highest yield of root phenolics was obtained in these plants. Sayed (2011) studied the effects of biological fertilizers including Azospirillum lipoferum and Bacillus megatherium on growth and phytochemicals of coneflower. Their results indicate that the application of biological fertilizers improves the plant vegetative growth and the contents of carbohydrates and alkamides. Overall, in addition to increasing absorption of nutrients, biological fertilizers improve plant growth and development by biosynthesis of plant hormones, controlling plant pathogens, and some unknown mechanisms.
Conclusions
Based on the results, the application of PGPR and mycorrhizae improved quantitative and qualitative criteria of purple coneflower. Importantly, the combined application of the bacteria and the fungi was a better treatment than their sole applications. In the combined treatment, either one of these microorganisms might have had a positive effect on the other microorganisms, or they could have had synergistic effects on each other resulted to a better growth and yield. Growth and yield of purple coneflowers inoculated with the mixture of the three bacteria + mycorrhizal inoculum in the first and second year did not have a considerable difference from the chemical fertilizer-treated plants. It is recommended to use biological fertilizers instead of chemical ones so that environmental pollutions could be reduced and the quality of product will be improved.
